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ABSTRACT 

VO.  57 

By  relaxing  the  similarity  cnnditii.ii  on  bhe  angular  structures,  a  class 
)f  modified  angular  structures  when  used  as  antennas  are  shown  to  have  fre- 
juency  independent  performances.   The  class  of  log-periodic  antennas  belongs 
:o  the  modified  conical  structure  which  is  a  special  case  of  the  general 
ingular  structure.   The  general  angular  structure  can  be  described  by  log- 
spiral  curves  which  lead  to  the  design  of  log-spiral  antennas.   In  this 
report,  modifications  are  made  on  the  general  angular  structures  with  the 
riew  of  obtaining  a  larger  class  of  frequency  independent  antenna  design, 
rhe  measurements  taken  on  some  of  the  structures  indeed  give  the  desirable 
results. 
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INTRODUCTION 


The  design  of  broadband  antennas  is  one  of  the  major  tasks  for  an 


antenna  designer*   Its  theory  has  been  advanced  remarkably  by  the  introduction 

1< 

2 


of  the  angle  concept  by  Rumsey   and  the  principle  of  logarithmic  periodicity 


bv  DuHamel 

The  angle  concept  is  a  consequence  deduced  from  the  theory  of  similtude 
and  sealing,,  and  it  leads  to  the  investigation  of  angular  structures.   The 
idea  of  making  antennas  to  possess  electrical  properties  which  will  repeat 
periodically  with  the  logarithm  of  the  frequency  was  arrived  at  in  considering 
the  convergence  problem  of  the  finite  angular  structures.   Since  all  angular 
structures  are  necessarily  of  infinite  extent,   the  convergence  problem  of 
the  electrical  properties  of  the  finite  structure  toward  those  of  the  infinite 
structure  must  be  overcome ,   Experiments  have  shown  that  this  can  be  accom- 
plished by  introducing  certain  periodic  discontinuities  in  some  finite  angu- 
lar structures  ,   These  ideas  have  since  stimulated  a  large  amount  of  activities 

in  the  antenna  field . 

3  4 

Dyson's  log-spiral  antennas   and  then  Isbell's  log-periodic  dipole  arrays 

were  pioneer  works  in  bringing  two  different  types  of  frequency  independent 
antennas  into  practice.   The  term  "frequency  independent"  shall  be  used  to 
indicate  that  antennas  of  this  class  can  be  designed  in  such  a  way  that  they 
will  perform  with  practically  constant  characteristics  —  input  impedances 
and  radiation  patterns,  for  any  desired  bandwidth,  anywhere  in  the  practical 
frequency  spectrum*   It  is  now  well  known  that  log-spiral  antennas   have  a 
circularly  polarized,  frequency  independent,  radiation  field  while  log- 
periodic  dipole  antennas  radiate  linearly  polarized,  frequency  independent, 
far  field  patterns,  and  their  impedance  characteristics  both  remain  practically 
constant  within  the  designed  bandwidth.   Following  these  discoveries,  effort 
has  been  directed  toward  practical  applications  of  these  two  types  of  fre- 
quency independent  antennas  .   The  multi-arm  log-spiral  antennas  were  investi- 

5  fi 

gated  by  Mayes  and  Dyson  '     .   They  demonstrated  that  an  omnidirectional  pat- 
tern could  be  obtained  with  log-spiral  antennas  by  using  symmetrically  spaced 

7 
multiple  arms.   Recently  Dyson  has  considered  the  coupling  effect  between 

log-spiral  antennas  arranged  in  various  arrays.   Various  designs  and  appli- 

8         9 
cations  of  log-periodic  antennas  have  been  investigated  by  Mayes  ,  Carrell 


DuHamel  et  al.  '  }      }  A  bibliography  of  articles  on  wideband  and  fre- 

14 
quency  independent  antennas  has  been  presented  by  Dyson. 

The  theoretical  analysis  of  these  frequency  independent  antennas  has  also 
been  pursued  by  many  authors.   Mast   has  solved  the  static  problem  of  the  log- 
spiral  structure .   Rumsey,   in  solving  the  sheath  model  of  the  log-spiral 
structure,  has  successfully  transformed  the  exterior  vector  problem  into  scalar 

problems  by  decomposing  the  field  into  right-hand  and  left-hand  circularly 

17         18 
polarized  components .   Copeland   and  Lee    assumed  the  current  distribution 

along  the  antenna  arm  in  analyzing  the  radiation  field  of  non-planar  spiral 

9 
antennas.   Carrel   analyzed  the  log-periodic  dipole  structure  based  on  circuit 

theory „   Generally  speaking,  work  still  remains  to  be  done  to  solve  the 

theoretical  problem  of  above  mentioned  frequency  independent  antennas. 

The  lack  of  the  complete  theoretical  solution  on  the  problem  of  fre- 
quency independent  antennas  does  not  prevent  an  antenna  engineer  from  making 
progress  in  the  practical  designs.   Those  ideas  which  were  impetus  to  the 
birth  of  the  frequency  independent  antennas  can  still  be  used  as  guiding  princi* 
pies  for  the  design  and  the  experimental  method  serves  as  a  practical  way  of 
verification „   Through  an  accumulation  of  workable  structures,  one  may  gain 
a  better  insight  to  the  frequency  independent  operation.   These  outlooks  were 
motivations  for  the  present  investigation  on  the  frequency  independent  an- 
tennas . 

It  is  the  purpose  of  this  report  to  point  out  that  there  is  a  group  of 
approximate  log-spiral  antennas  which  are  also  capable  of  frequency  inde- 
pendent performances,  in  the  above  defined  sense.   The  basic  consideration 
which  leads  to  this  approximation  is  the  relation  of  the  continual  similarity 
condition  and  the  log-spiral  configuration  is  thus  approximated  by  a  set 
of  connected  and  proportioned  segments.   They  are  called  polygonal  spiral 
antennas .   Several  polygonal  spiral  antennas  have  been  constructed  and  their 
characteristics  investigated.   Experimental  results  indicate  that  their 
behaviors  are  very  similar  to  that  of  the  corresponding  log- spiral  antennas. 

Both  polygonal  spiral  antennas  and  other  log- periodic  rectilinear  struc- 
tures have  only  discrete  similarity  in  contrast  to  the  continual  similarity  for 
the  log-spiral  structures „ 


2,   THE  DESIGN  OF  FREQUENCY  INDEPENDENT  ANTENNAS 

We  shall  try  to  relate  some  basic  concepts  and  guiding  principles 
useful  in  making  the  design  of  frequency  independent  antennas  so  as  to 
give  a  better  insight  of  the  theory. 
2,1  Similar  Figures  and  the  Electrodynamical  Similitude 

In  the  plane  geometry,  similar  polygons  are  defined  as  figures  having 
all  corresponding  angles  equal  and  all  corresponding  line  segments  propor- 
tional.  Extending  this  notion  to  more  general  entities,  similar  surfaces 
are  surfaces  which  can  be  made  to  correspond  point  to  point  in  such  a  way 
that  the  distance  between  any  two  points  on  one  surface  is  always  the  same 
multiple  of  the  distance  between  two  corresponding  points  on  the  other. 
The  property  of  being  similar  is  called  similarity. 

The  general  transformation  of  similarity  is  the  product  of  the  general 
Euclidean  transformation  composed  possibly  of  a  translation  and  a  rotation, 
and  a  radial  transformation.   A  two  dimensional  radial  transformation  is  a 
transformation  expressed  by  the  equations 


Ty 


(i) 


Figure    1.      A   Radial  Transformation 


For  an  example,,  P  and  P  in  Figure  1  are  related  by  the  radial  trans- 
formation, The  real  number  t  is  the  ratio  of  similitude  and  the  origin  0 
is  called  the  center  of  similitude . 

Analytically,,  the  general  transformation  of  similarity  can  therefore 
be  expressed  by  the  equations 

x  =  t(x  cos  G  -  y  sin  0  +  a) 

y'  =  t(x  sin  0  +  y  cos  0  4-  b) 


(2) 


for  two-dimensional  figures .   The  similarity  transformation  of  figures  in  the 
space  can  also  be  expressed  analytically. 

With  the  above  definition  of  similar  figures,  one  can  develop  a  theory 
of  linear  modeling  for  electromagnnetic  problems,  usually  referred  to  as 
electrodynamical  similitude.   To  be  specific,  the  term  "similar  electro- 
magnetic boundary  value  problems"  will  be  used  to  imply  the  relation  between 
two  antenna  problems  in  which  the  electrical  properties  of  the  modeled 
antenna  are  the  same  as  that  of  the  original  except  for  a  change  in  scale. 

Through  dimensional  analysis  of  Maxwell's  equations,  it  is  readily 

19 

shown  that  the  similitude  conditions  imposed  on  the  similar  problems  are 


fx/T  (3) 


Vi  (4) 


\l  O     =   u.  (J  /t  (5) 

T  T      1     Y 


where  f^}    H   er   and  0"t  are  the  operating  frequency,  the  permeability,  the 
permitivity  and  the  conductivity  of  the  modeled  antenna  system  respectively, 
while  f  ,  H.   e      and  C  are  those  of  the  original  antenna  system. 

It  is  seen  that  if  H1  and  e  are  kept  constant,   doubling  of  the  size  of 
the  antenna  requires  that  the  operating  frequency  and  the  conductivity  of  the 


antenna  structure  both  be  halved,  while  shrinking  of  the  size  of  the  antenna 
into  a  half  requires  that  the  operating  frequency  and  the  conductivity  of  the 
antenna  structure  both  be  doubled.   Scaling  of  the  conductivity  however, 
causes  a  great  inconvenience  in  practical  designs.   Fortunately,  in  most 
cases,  if  the  conductivity  is  high,  it  can  be  kept  unchanged  and  the  linear 
modeling  of  antennas  will  still  hold  approximately.   This  may  thus  be  termed 
as  the  approximate  linear  modeling  of  antenna  problems,  and  its  theory  in- 
volves the  finding  of  similar  figures. 

20 
Belyea_,  Low  and  Segel    reported  to  have  met  some  difficulties  in  scaling 

a  certain  aircraft  for  an  x-band  radar  cross-section  experiment  with  the 

linear  modeling  theory.   They  have  developed  a  non-linear  modeling  theory  for 

the  electromagnetic  problem  and  others  . 

2.2   Self  Similar  Figures 

Figures  with  the  whole  similar  to  its  part  are  called  self-similar 

figures .   Usually,  many  self-similar  figures  may  be  drawn  for  a  given  figure. 

For  example,  the  following  shaded  triangles  are  similar  to  their  original 

triangles . 


Figure  2.   Self-Similar  Figures 
For  every  pair  of  similar  figures  there  is  a  ratio  of  similitude  or 
the  scaling  parameter  t„   For  a  self-similar  figure,  the  set  of  similar  figures 
can  be  transformed  into  each  other  by  a  similarity  transformation  with  an 
associated  scaling  parameter  t0   Since  a  general  similarity  transformation, 


6 

as  indicated  in  last  section^  is  the  product  of  the  general  rigid  motion 
and  a  radial  transformation^  it  follows  that  for  the  self-similar  figures^ 
the  similarity  transformation  contains  only  the  product  of  the  rotation 
and  a  radial  transformation. 

It  is  required  by  the  theory  of  similitude  that  in  order  to  achieve  the. 
true  frequency  independent  operation,,  the  configuration  of  the  antenna  must 
be  a  self-similar  figure  with  0  <  t  <  oo0   This  implies  a  continuous  similarity. 
An  infinite   conical  configuration  is  an  example  of  these  structures.   The 
general  structure  of  this  type  was  found  by  Rumsey   to  be  that  described  by 
the  log-spiral  curves. 

r  =  r   ea^  (6) 

o 

where  a  and  r  are  constants.   For  the  conical  structures,   the  similarity 
o  ' 

transformation  involves  only  a  radial  transformation  while  for  the  log-spiral 
structures,,  the  similarity  transformation  contains  both  the  expansion  and  the 
rotation  and  they  are  related  by 

9  =  In  T/a  (7) 

where  9  is  the  angle  of  rotation. 

When  the  admissible  values  of  t  for  the  similarity  transformation  form 

a  discrete  set  (t  )}    then  the  self-similar  figure  possesses  only  a  discrete 

similarity.   The  log-periodic  structures  belong  to  this  class  and  have  T   = 

t  }    n  =  integers .  We  shall  show  that  the  polygonal  spiral  structures  are 

also  self-similar  figures  with  discrete  similarity  and  a  construction  method 

will  be  given.   Both  the  log-periodic  structures  and  the  polygonal  spiral 

structures  are  modified  angular  structures. 

2,3  The  Convergence  Problem  of  the  Angular  Structure  as  a  Frequency  Independent 
Antenna  and  the  Modified  Angular  Structures  . 

All  angular  structures  are  infinite  extent.   To  be  used  as  antennas^  they 

must  be  truncated.   The  amount  of  end  effects  due  to  the  truncation  serves 

as  another  criterion  for  being  a  frequency  independent  antenna  besides  the 

similarity  condition.   It  is  known  that  not  all  angular  structures  lead  to  the 


frequency  independent  antenna  design;  the  log-spiral  structures  were  shown 
experimentally  to  have  only  negligible  end  effects  under  suitable  design, 
while  the  radiation  of  the  biconical  structures  can  be  attributed  to  the  end 
effect.   This  implies  that  when  the  similarity  condition  is  insisted,  the  design 
of  the  frequency  independent  antennas  is  restricted  to  a  special  angular 
structure  —  log-spiral  antennas  . 

It  has  also  been  shown  experimentally  that  some  angular  structures 
which  can  not  be  used  for  the  frequency  independent  antenna  design  under  the 
strict  similarity  condition  become  useful  structures  when  the  similarity 
condition  is  relaxed  in  a  certain  way =   The  log-periodic  structures  are  examples 
of  this  situation.   They  all  belong  to  modified  angular  structures  —  angu- 
lar structures  with  periodic  discontinuities. 

Based  on  the  principle  of  scaling  and  in  view  of  above  experimental  re- 
sults, one  realizes  that  much  flexibility  could  be  gained  in  the  design  of 
frequency  independent  antennas  (or  rigorously  speaking,  approximate  frequency 
independent  antennas)  by  relaxing  the  similarity  condition.   As  the  log-periodic 
structures  are  derived  from  the  conical  angular  structures,  we  shall  demon- 
strate a  way  of  relaxing  the  similarity  condition  for  the  log-spiral  structures. 


3.   POLYGONAL  SPIRAL  ANTENNAS 

The  polygonal  spiral  antenna  was  developed  by  relaxing  the  continuous 
similarity  condition  of  the  log-spiral  structures.   First  a  generalized 
definition  of  spiral  structure  will  be  given  and  then  certain  similarity 
condition  imposed  so  as  to  give  a  polygonal  spiral  structure  which  inscribes 
a  log-spiral  curve, 
3=l  A  Definition  of  Spirals 

A  spiral  curve  can  be  defined  as  a  line  which,  starting  from  a  point 
of  origin,  which  is  called  the  pole,  continually  diminishes  in  curvature  as 
it  recedes  from  that  point,  in  other  words,  the  radius  of  curvature  continually 
increases,   A  log-spiral  is  such  a  curve  that  the  arc  intercepted  between 
the  pole  and  any  other  point  whatsoever  on  the  curve  is  always  similar  to 
itself  ,   Therefore  a  log-spiral  curve  is  self-similar  with  continuous  simi- 
larity , 

To  modify  the  structure  by  replacing  the  curved  structure  with  straight 
elements,  the  rectilinear  spiral  curve  is  constructed  as  follows:   from  some 
starting  point,  or  the  pole,  a  straight  is  drawn  in  a  given  direction  to  a 
definite  point  P   at  a  fixed  distance  1   and  changing  the  direction,  a  second 
straight  line  with  length  1   is  drawn  to  a  point  P  ,   From  P  a  third  line  is 
started  in  a  different  direction  from  that  of  the  second  line.   With  length 
1  ,  a  point  P  is  reached,   The  process  can  be  continued  indefinitely  as  shown 
in  the  following  figure. 


Figure  3.   A  Rectilinear  Spiral 
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Using  this  definition  of  rectilinear  spiral  structures  as  a  construction 
principle  in  relaxing  the  continuous  similarity  condition  of  the  log-spiral 
structure,  a  discrete  similarity  property  can  be  obtained  for  these  structures 
by  requiring 


Vi      n  \i> 


x1 , 

(8) 


Px  =  P2  =  P3  =  .  •  •  =  P  (9) 

It  is  seen  that  if  t  =  1,  the  structure  is  a  regular  polygon.   In  which  case, 
the  angle  (3  is  determined  by  the  number  of  sides  of  the  polygon  m 

p=ii^i  (10) 

r      m 

If  t  <  l,  it  becomes  a  converging  polygonal  spiral  while  t  >  1  gives  a  di- 
verging polygonal  spiral.   It  is  shown  that  each  of  these  polygonal  spiral 
structures,  a  log-spiral  curve  can  be  found  to  circumscribe  it. 
3.2   Polygonal  Spirals 

The  construction  of  polygonal  spirals  was  given  in  the  preceeding  section. 
Its  relation  to  log-spiral  structures  shall  be  pointed  out  presently, 

A  proposition  on  the  characteristics  of  log-spiral  curves  can  be  stated 
as  follows  . 

Proposition:   In  a  log-spiral,  the  polar  radii  of  points  whose  vectorial 
angles  are  in  arithmetic  progression  are  themselves  in  geometric  progression. 

If  the  above  said  points  are  connected,  then  a  polygonal  spiral  structure 
is  obtained,   as  shown  in  Figure  4.  A  corollary  follows  from  the  above 
proposition.   The  sides  of  the  polygonal  spiral  are  also  in  geometric  pro- 
gression . 

In  Figure  4 


?.?-?-?-.  .  .  =  <p0 


10 


and 


Figure  4.   A  Log-Spiral  Curve  and  a  Polygonal  Spiral  Structure 


a<fb  afPo 

ri   =   ro   e        '  r2   ?c   ri   e        ' 


Therefore 


r  r 


a<£b 


1 1 


The  side  of  the  polygonal  spiral  can  be  expressed  as 


2a<p  a(p 

1.,  =  r  A/l  +  e     -  2e    cos  <P     =  r   t 
1     o  V  o     o 


l2  =  *1  * 


etc 


hence  we  also  have 


Thus  from  these  we  obtain 


12  o 


a<p 
t  =  e  °  (13) 


and 


(3  =  7T  -  0? 


Several  particular  polygonal  spiral  structures,  a  triangular  spiral,  a  rec- 
tangular spiral  and  a  pentagonal  spiral  are  shown  respectively  in  Figures  5, 
6,  and  7, 
3,3  Zigzag  Structures 

Under  the  general  definition,  the  rectilinear  spiral  structures  also 
include  the  biangular  configurations  as  a  special  case.   To  satisfy  the  self- 
similarity  condition  we  impose  the  following  conditions  for  these  structures. 


0--T- 


t  =  e  3 
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Figure  5 .   A  Triangular  Spiral 
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Figure  6.   A  Rectangular  Spiral 


Figure  7.   A  Pentagonal  Spiral 
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\   =   h      =h   =   ?4 


(15) 


where 


P2   =  27T  -  p2 


P4   =  277  -  P< 


hence  they  become  the  log  periodic  Zigzag  configurations 


Figure  8.   A  Log-Periodic  Zigzag  Structure 


3,4   The  Scaling  Parameter 

It  is  seen  that  a  polygonal  spiral  is  uniquely  determined  by  specifying 
the  parameters  (3  and  t  .   Their  relations  to  the  circumscribing  log-spiral 


15 


curve    is   given   by 


2TJ 


(77-(3)a  m 

T   =    e         r        =    e 


(16) 


for  a  planar  log-spiral 


a  =  -  1/tan  a 


(17) 


where  a  is  the  spiral  angle,  i.e,;  the  angle  between  the  inward  radius  vector 
and  the  tangential  vector,   For  a  conical  log-spiral  structure 


a  ~  -   sin  0  /tan  a 
o 


(18) 


where  9   is  the  half-cone  angle,   A  conical  rectangular  spiral  is  shown 
o 

in  Figure  9  in  comparison  to  a  conical  log-spiral  structure.   Note  that  in 

the  case  of  polygonal  spirals  the  spiral  angle  a  is  a  variable. 


r=  const. 


J3 


Figure  9,   A  Conical  Rectangular  Spiral  and  a  Conical  Log-Spiral 
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From  Equations  (16)  and  (18),  the  equivalent  conical  polygonal  spiral 
can  be  determined  for  a  given  conical  log  spiral,  i.e,  for  a  given  set  of 
cone  angle  0   and  spiral  angle  a,  the  scaling  parameter  T  is  fixed  for  the 
polygonal  spiral,   Figure  10  gives  the  scaling  parameters  for  a  rectangular 
spiral  related  to  its  corresponding  log-spiral  structures.   This  shows  the 
relationship  between  a  conical  rectangular  spiral  and  a  conical  log-spiral. 
Similar  relationships  can  be  obtained  for  other  polygonal  spiral  and  their 
corresponding  log-spirals  .   Figure  11  shows  the  scaling  parameter  of  poly- 
gonal spirals  of  m  =  2,    3,  4,  5,  6,  for  the  spiral  angle  of  the  log-spiral 

o    o       o 

a  =  35  ,  70   and  80  . 

These  graphs  serve  as  a  mean  in  relating  the  operating  characteristics 
of  continuous  self-similar  structures  to  that  of  discrete  ones  .   The  design 
criterion  expressed  in  terms  of  the  scaling  parameter  T  for  the  log  periodic 
structures  can  therefore  be  related  to  those  criterions  expressed  in  terms  of 
the  half-cone  angle  9   and  the  spiral  angle  a  for  the  log-spiral  structures, 
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a=85° 


0°       10°      20°     30°     40°      50°      60°     70°     80°     90°       0C 
HALF    CONE    ANGLE    IN    DEGREES 


Figure    10.      The   Scaling  Parameter  of   the   Rectangular  Spiral 
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>a=85° 


Va  =  70< 


ka  =  35' 


10°      20°     30°      40°     50°      60°     70°      80°    90°     8o 
HALF  CONE  ANGLE    IN    DEGREES 


Figure    11.      The   Scaling   Parameter   of   Polygonal    Spirals    for   m   =   2,    3,    4,    5. 
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4.   EXPERIMENTAL  METHOD  AND  MEASUREMENT  RESULTS 

4.1  Experimental  Method 

The  polygonal  spiral  structures,  discussed  in  Chapter  3,  when  used 
as  antennas,  will  be  referred  to  as  the  polygonal  spiral  antennas.   For 
convenience  of  the  feeding,  m  is  restricted  to  be  an  even  integer.   When 
m  =  2,  it  becomes  a  bifilar  log-periodic  zigzag  antenna. 

Based  on  the  property  of  self-similarity,  we  infer  that  the  polygonal 
spiral  antennas  can  be  designed  to  give  frequency  independent  performances. 
Evidently,  for  large  enough  m  its  behavior  will  approach  that  of  the  corres- 
ponding log-spiral  antenna.   The  practical  problem  is,  therefore,  to  deter- 
mine the  number  of  sides  of  the  polygonal  spiral  antenna  which  behaves  prac- 
tically like  a  log-spiral  antenna  a   This  was  our  endeavor  and  we  have  shown 
experimentally,  that  a  rectangular  spiral  antenna  is  already  a  good  approxi- 
mation to  its  log-spiral  counterpart . 

In  order  to  compare  the  operation  characteristics  between  that  of  the 
rectangular  spiral  antenna  and  that  of  the  corresponding  log-spiral  antenna, 
six  different  rectangular  spiral  antennas  were  constructed  and  tested,,   The 
parameters  of  these  structures  were  chosen  to  give  a  comparison  with  some 

typical  characteristics  of  the  log-spiral  structures , 

21 
It  has  been  shown  experimentally  by  Dyson   that  the  pattern  beam  width 

of  the  radiation  field  of  a  two  arm  conical  log-spiral  antenna,  although 
frequency  independent,  is  a  function  of  the  spiral  angle  a  -  In  general, 
it  may  be  stated  that  the  beam  width  increases  as  the  spiral  angle  a  de- 
creases „   The  numerical  results,  due  to  Dyson,  can  be  shown  as  follows: 


BW 


where  BW  is  the  half  power  beam  width  of  the  radiation  pattern.   He  also 
observed  that  the  log-spiral  structure  can  be  approximated  by  the  wire  version 
only  when  the  antenna  is  relatively  tightly  spiraled,  say  a  >  60  ,   As  the 


20 

o      o 
angle  a  is  decreased  to  the  neighborhood  of  45   to  50  marked  pattern  changes 

occur  for  the  wire  approximation,  including  a  multilobing  of  the  main  beam 
and  large  radiation  off  the  base  of  the  cone. 

For  these  reasons,  the  following  parameters  for  the  testing  antennas 
were  chosen,   They  are  listed  together  with  the  corresponding  scaling  para- 
meter t  , 

(a)  90  -  7*5° 

a  45°         60°  73° 

T  0,814        0,892        0=94 

(b)  e  -  10° 

o 

a  45°         60°  73° 

T  0,76         0,858        0,92 

o       o 
One  of  the  structures,  9   =7,5   a  -  73   is  shown  in  Figure  12  ana 
o 

its  corresponding  wire  version  log-spiral  structure  is  shown  in  Figure  13. 
RG8/U  cables  were  used  for  these  antenna  structures, 

The  measured  results  on  the  radiation  patterns  and  the  input  impedances  of 
these  antennas  show  a  great  resemblance  to  that  of  the  wire  version  log-spiral 
structures , 

The  radiation  patterns  and  the  input  impedances  of  a  biangualr  spiral 
structure  were  recorded.   They  show  very  small  variation,  both  in  the  radia- 
tion pattern  and  the  input  impedances,  for  a  very  wide  range  of  frequencies, 
The  structure,  9  =  7,5  ,  a  =  73   is  shown  in  Figure  14, 

Results  of  the  measurements  taken  on  these  antennas  are  shown  in  the 
following  sections . 
4,2   Results  of  Measurement  —  The  Rectangular  Spiral  Antennas 

4,2,1   Pattern  Comparisons  and  the  Comparison  of  the  Axial  Ratio 

In  order  to  show  the  similarity  between  the  operation  characteristics 
of  the  conical  rectangular  spiral  antennas  and  that  of  the  corresponding  log- 
spiral  antennas,  the  radiation  patterns  of  these  two  types  of  antennas  are 


2] 


Figure  12.   A  Conical  Rectangular  Spiral  Antenna 
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Figure  13.   A  Conical  Log-Spiral  Antenna 
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/ 


Figure  14.   A  Log-Spiral  Zigzag  Antenm 
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first  compared  for  a  range  of  frequencies  <>   In  the  subsequent  figures^  the 
radiation  patterns  for  the  conical  log-spiral  antennas  of  the  wire  version  are 
shown  by  solid  lines  while  those  for  the  conical  rectangular  spiral  are  shown 
by  dotted  lines.   The  following  list  gives  the  correspondence  between  the  an- 
tenna patterns  and  the  parameter  of  the  antenna  structures  , 

Figure  15 
Figure  16 
Figure  17 
Figure  18 
Figure  19 
Figure  20 

o 
In  each  figure  the  patterns   are  shown  both  for  dj  =  0  plane  and  for 

it   =  90  plane^  where  cb  angle  is  referred  to  the  line  determined  by  the 
feeding  points . 

The  resemblance  of  the  radiation  patterns  of  these  two  types  of  antennas 
is  apparant  as  seen  from  the  figures .   In  many  cases  they  are  actually  iden- 
tical.  For  a  -  73  ,    the  patterns  are  unidirectional.   The  difference  in  the 
patterns  of  these  two  type  of  antennas  is  very  small  .   As  the  spiral  angle  a 

decreases  the  beam  width  of  the  pattern  increases.   Although  the  difference 

o  o 

for  these  patterns  is  somewhat  larger  in  the  cases  for  a  -  60  and  a  -  45  3 

there  is  no  difficulty  in  pointing  out  their  similarities,   In  the  case  of 

o 
a  =  45  _,  the  wire  version  log-spiral  structures  fail  to  approximate  the  exact 

log-spiral  antennas.   The  similar  effect  of  multilobing  exists  in  both  the 
pattern  of  the  wire  log  spiral  structure  and  that  of  the  corresponding  rec- 
tangular spiral  antenna. 

The  axial  ratio  of  the  polarization  ellipsis  are  determined  a)  as  a 
function  of  frequency  for  the  polarization  ellipsis  of  the  electric  fields 
measured  on  the  antenna  axis  and  b)  as  a  function  of  the  angle  0,  where  0 
is  the  angle  between  the  axis  and  a  radial  vector,,  drawn  in  cb  =  0  plane  and 
the  operating  frequency  in  these  cases  is  700  Mc  , 

The  axial  ratios  as  a  function  of  frequency  are  shown  in  Figure  21 
through  Figure  24,   The  following  list  gives  the  corresponding  parameters  of 
the  structures , 
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Figure  21  a  =  73  0   =  7 .5 

o 

Figure  22  a  =  73°  9   =  10° 

o 

Figure  23  a  =  60°  0   =  7.5° 

Figure  24  a  =  60°  0   =  10° 

o 

The  axial  ratios  as  a  function  of  the  angle  0  are  shown  in  Figures  25 
through  28.   The  corresponding  parameters  of  the  structures  are 

Figure  25  a  =  73°  0  =  7.5° 

Figure  26  a  =  73°  0  =  10° 

Figure  27  a  =  60°  0  =7.5° 

Figure  28  a  =  60°  0  =  10° 

In  each  of  these  figures,  the  axial  ratios  of  the  corresponding  log- 
spiral  structure  are  accompanied  in  dotted  lines.  These  experimental  re- 
sults again  give  the  following  two  indications . 

(a)  The  frequency  independent  operation  of  the  conical  rectangular 
spiral  antenna 

(b)  The  closeness  in  the  performances  of  the  rectangular  spiral  antenna 
and  of  the  log-spiral  antennas  , 

4.2.2  The  Standing  Wave  Ratio  and  The  Input  Impedance 

The  standing  wave  ratios  of  these  rectangular  spiral  structures  are  shown 
in  Figures  29  through  34  in  comparison  with  that  of  the  log-spiral  structures 
(dotted  lines)  .   The  parameters  of  the  antenna  structures  for  the  set  of  data 
are  indicated  in  the  following  list. 

Figure  29 
Figure  30 
Figure  31 
Figure  32 
Figure  33 
Figure  34 
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The  input  impedances  of  these  antennas  have  also  been  determined,   They 
are  shown  in  Figures  35  through  40  in  comparison  with  those  values  for  the 
log-spiral  antennas .   The  correspondence  of  the  parameters  of  the  antenna 
structures  and  their  figures  are  in  the  same  sequence  as  before,  namely; 

Figure  35  a  =  73°  9   ^7.5° 

Figure  36  a  =  73°  9q  -  10° 

Figure  37  a  =  60°  0   =  7.5° 

Figure  38  a  =  60°  9    10° 

&  o 

Figure  39  a  -   45  9-7.5 

Figure  40  a  -  45  9   -  10 

These  experimental  results  again  indicate  the  practibility  of  the  rec- 
tangular spiral  structure  used  as  a  frequency  independent  antenna. 
4,3   Results  of  Measurements  —  The  Biangular  Spiral  Antenna 

Since  a  log  periodic  Zigzag  antenna  is  a  biangular  spiral  antenna  which 
is  just  a  special  case  of  the  polygonal  spiral  antenna,  it  is  expected  that 
it  should  also  possess  the  frequency  independent  characteristics  which  were 
defined  earlier,   To  confirm  this  fact,  a  log-periodic  zigzag  antenna  was 
built  (Figure  14)  and  its  characteristics  determined,   The  results  are  shown 
below  , 

4.3.1  Radiation  Patterns 

The  radiation  patterns  are  taken  for  a  range  of  frequencies  (600  ~  1500  Mc), 
both  for  the  E-plane  and  the  H-plane  ,   The  variations,  as  shown  in  Figure  41, 
are  small  within  this  frequency  range, 

Note  that  for  this  type  of  structure,  the  radiation  pattern  is  linearly 
polarized,  while  those  of  other  polygonal  spiral  antennas  are  expected  to  be 
circularly  polarized, 

4.3.2  The  Standing  Wave  Ratio  and  the  Input  Impedance 

The  standing  wave  ratio  measured  for  the  antenna  is  shown  in  Figure  42r 
while  the  input  impedance  is  given  in  Figure  43.   It  is  seen  that  the  variations 
which  existed  in  these  results  over  a  wide  range  of  frequencies  (500  ~  1400  Mc) 
are  small »   It  thus  shows  the  applicability  of  this  structure  for  the  frequency 
independent  operation, 
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Figure   41.      Radiation  Patterns   of    the   Log-Periodic  Zigzag  Antenna 

(0      =    7.5°,    a   =    73°). 
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5  .   CONCLUSIONS 

In  this  report,   limited   literature  on  the  problem  of  the  frequency 
independent  antennas  is  reviewed,   It  is  felt  that  although  the  complete 
theoretical  solution  of  the  problem  is  not  yet  available,  the  antenna  en- 
gineer can  make  progress  in  the  practical  design,  based  on  the  basic  principle 
of  scaling,   The  main  idea  suggested  was  the  relaxation  of  the  similarity 
condition  on  the  rigorous  angular  structures,   This  has  been  one  of  the 
design  methods  in  the  development  of  the  log-periodic  antennas.   The  method 
was  used  to  modify  the  log-spiral  antennas,   It  is  hoped  that  through  an 
accumulation  of  workable  structures  theoreticans  may  have  a  better  idea  in 
making  assumptions  for  the  solution  of  the  problem, 

The  construction  of  the  polygonal  spiral  antennas  was  given  in  terms 
of  the  construction  of  the  polygonal  spiral  curve,   Through  the  construction 
the  relation  between  the  structure  with  the  continuous  similarity  condition 
and  that  with  discrete  similarity  condition  was  demonstrated,   The  experi- 
mental method  was  used  in  determining  the  applicability  of  the  polygonal 
spiral  structure  for  the  use  of  the  frequency  independent  antenna. 

The  measurement  results  showed  that  the  rectangular  spiral  antenna  is 
a  good  approximation  to  the  log-spiral  antenna,  for  two  equivalent  antennas 
of  these  types  behave  practically  the  same,  as  far  as  the  frequency  indepen- 
dent operation  is  concerned, 

The  measurements  for  a  bifilar  log-periodic  Zigzag  antenna,  a  special 
case  of  the  polygonal  spiral  antenna,  were  performed  for  a  range  of  frequen- 
cies and  results  given.   The  frequency  independent  operation  of  this  type  of 
antennas  was  also  indicated, 
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San  Diego  52,  California 

Adams-Russell  Company 

200  Sixth  Street 

Attn:   Library  (Antenna  Section) 

Cambridge,  Massachusetts 

Aero  Geo  Astro 
Attn:   Security  Officer 
1200  Duke  Street 
Alexandria,  Virginia 

NASA  Goddard  Space  Flight  Center 
Attn:  Antenna  Section,  Code  523 
Creenbelt,  Maryland 

Airborne  Instruments  Labs.,  Inc. 
Attn:   Librarian  (Antenna  Section) 
Walt  Whitman  Road 
Melville,  L.  I.,  New  York 

American  Electronic  Labs 
Box  552  (Antenna  Section) 
Lansdale,  Pennsylvania 

Andrew  Alfred  Consulting  Engineers 
Attn:   Librarian  (Antenna  Section) 
299  Atlantic  Ave. 
Boston  10,  Massachusetts 

Ampheol-Borg  Electronic  Corporation 
Attn:   Librarian  (Antenna  Section) 
2801  S.  25th  Avenue 
Broadview,  Illinois 

Bell  Aircraft  Corporation 
Attn:   Technical  Library 
(Antenna  Section) 
Buffalo  5.  New  York 


Boeing  Airplane  Company 
Aero  Space  Division 
Attn:   Technical  Library 

M/F  Antenna  &  Radomes  Unit 
Seattle,  Washington 

Boeing  Airplane  Company 
Attn:   Technical  Library 

M/F  Antenna  Systems  Staff  Unit 
Wichita,  Kansas 

Chance  Vought  Aircraft  Inc. 
THRU:   BU  AER  Representative 
Attn:   Technical  Library 

M/F  Antenna  Section 
P.  0.  Box  5907 
Ballas  22,  Texas 

Collins  Radio  Company 

Attn:   Technical  Library  (Antenna 

Section) 
Dallas,  Texas 

Convair 

Ft.  Worth  Division 

Attn:   Technical  Library  (Antenna 

Section) 
Grants  Lane 
Fort  Worth,  Texas 

Convair 

Attn:   Technical  Library  (Antenna 

Section) 
P.  0.  Box  1050 
San  Diego  12,  California 

Dalmo  Victor  Company 

Attn:   Technical  Library  (Antenna 

Section) 
1515  Industrial  Way 
Belmont,  California 

Dome  &  Margolin,  Inc. 

Attn:   Technical  Library  (Antenna 

Section) 
30  Sylvester  Street 
Westbury,  L.  I.   New  York 


Bendix  Radio  Division  of 

Bendix  Aviation  Corporation 
Attn:   Technical  Library 
(For  Dept.  462-4) 
Baltimore  4   Maryland 


Dynatronics  Inc. 

Attn:   Technical  Library  (Antenna 

Section) 
Orlando,  Florida 


Electronic  Communications,  Inc. 

Research  Division 

Attn:   Technical  Library 

1830  York  Road 

Timonium,  Maryland 

Fairchild  Engine  &  Airplane  Corporation 
Fairchild  Aircraft  &  Missiles  Division 
Attn:   Technical  Library  (Antenna 

Section) 
Hagerstown  10,  Maryland 

Georgia  Institute  of  Technology 
Engineering  Experiment  Station 
Attn:   Technical  Library 

M/F  Electronics  Division 
Atlanta  13,  Georgia 

General  Electric  Company 
Electronics  Laboratory 
Attn:   Technical  Library 
Electronics  Park 
Syracuse,  New  York 

General  Electronic  Labs.,  Inc. 
Attn:   Technical  Library  (Antenna 

Section) 
18  Ames  Street 
Cambridge  42,  Massachusetts 

General  Precision  Lab.,  Division  of 

General  Precision  Inc. 
Attn:   Technical  Library  (Antenna 

Section) 
63  Bedford  Road 
Pleasantville,  New  York 


Grumman  Aircraft  Engineering  Corp, 
Attn:   Technical  Library 

M/F  Avionics  Engineering 
Bethpage,  New  York 

The  Hallicraf ters  Company 

Attn:   Technical  Library  (Antenna 

Section) 
4401  W.  Fifth  Avenue 
Chicago  24,  Illinois 

Hoffman  Laboratories  Inc. 

Attn:   Technical  Library  (Antenna 

Section) 
Los  Angeles  7,  California 

John  Hopkins  University 
Applied  Physics  Laboratory 
8621  Georgia  Avenue 
Silver  Springs,  Maryland 

Hughes  Aircraft  Corporation 
Attn:   Technical  Library  (Antenna 

Section) 
Florence  &  Teal  Street 
Culver  City,  California 

ITT  Laboratories 

Attn:   Technical  Library  (Antenna 

Section) 
500  Washington  Avenue 
Nutley  10,  New  Jersey 

U.  S.  Naval  Ordnance  Lab. 
Attn:  Technical  Library 
Corona,  California 


Goodyear  Aircraft  Corporation 
Attn:   Technical  Library 

M/F  Dept.  474 
1210  Massilon  Road 
Akron  15.  Ohio 


Lincoln  Laboratories 

Massachusetts  Institute  of  Technology 

Attn:   Document  Room 

P.  0.  Box  73 

Lexington  73,  Massachusetts 


Granger  Associates 

Attn:   Technical  Library  (Antenna 

Section) 
974  Commercial  Street 
Palo  Alto.  California 


Litton  Industries 

Attn:   Technical  Library  (Antenna 

Section) 
4900  Calvert  Road 
College  Park,  Maryland 


Lockheed  Missile  &  Space  Division 
Attn:   Technical  Library  (M/F  Dept- 

58-40,  Plant  1,  Bldg.  130) 
Sunnyvale,  California 

The  Martin  Company 

Attn:   Technical  Library  (Antenna 

Section) 
P.  0.  Box  179 
Denver  1,  Colorado 

The  Martin  Company 

Attn:   Technical  Library  (Antenna 

Section) 
Baltimore  3,  Maryland 

The  Martin  Company 

Attn:   Technical  Library  (M/F 

Microwave  Laboratory) 
Box  5837 
Orlando,  Florida 

W.  L.  Maxson  Corporation 

Attn:   Technical  Library  (Antenna 

Section) 
460  West  34th  Street 
New  York  1,  New  York 

McDonnell  Aircraft  Corporation 
Attn:   Technical  Library  (Antenna 

Section) 
Box  516 
St.  Louis  66,  Missouri 

Melpar,  Inc. 

Attn:   Technical  Library  (Antenna 

Section) 
3000  Arlington  Blvd. 
Falls  Church,  Virginia 

University  of  Michigan 
Radiation  Laboratory 
Willow  Run 
201  Catherine  Street 
Ann  Arbor,  Michigan 

Mitre  Corporation 

Attn:   Technical  Library  (M/F  Elec- 
tronic Warfare  Dept.  D-21) 
Middlesex  Turnpike 
Bedford,  Massachusetts 


North  American  Aviation  Inc. 
Attn:   Technical  Library  (M/F 

Engineering  Dept.) 
4300  E.  Fifth  Avenue 
Columbus  16,  Ohio 

North  American  Aviation  Inc. 
Attn:   Technical  Library 

(M/F  Dept.  56) 
International  Airport 
Los  Angeles,  California 

Northrop  Corporation 

NORAIR  Division 

1001  East  Broadway 

Attn:   Technical  Information  (3924-3) 

Hawthorne,  California 

Ohio  State  University  Research 

Foundation 
Attn:   Technical  Library 

(M/F  Antenna  Laboratory) 
1314  Kinnear  Road 
Columbus  12,  Ohio 

Philco  Corporation 

Government  &  Industrial  Division 

Attn:   Technical  Library 

(M/F  Antenna  Section) 
4700  Wissachickon  Avenue 
Philadelphia  44,  Pennsylvania 

Westinghouse  Electric  Corporation 

Air  Arms  Division 

Attn:   Librarian  (Antenna  Lab) 

P.  0.  Box  746 

Baltimore  3,  Maryland 

Wheeler  Laboratories 

Attn:   Librarian  (Antenna  Lab) 

Box  561 

Smithtown,  New  York 

Electrical  Engineering  Research 

Laboratory 
University  of  Texas 
Box  8026,  Univ.  Station 
Austin,  Texas 

University  of  Michigan  Research 

Institute 
Electronic  Defense  Group 
Attn:   Dr.  J.  A.  M.  Lyons 
Ann  Arbor   Michigan 


Radio  Corporation  of  America 
RCA  Laboratories  Division 
Attn;   Technical  Library 

(M/F  Antenna  Section) 
Princeton,  New  Jersey 

Radiation,  Inc. 

Attn:   Technical  Library  (M/F) 

Antenna  Section 
Drawer  37 
Melbourne,  Florida 

Radioplane  Company 

Attn:   Librarian  (M/F  Aerospace  Lab) 

8000  Woodly  Avenue 

Van  Nuys ,  California 


H.  R,  B.  Singer  Corporation 
Attn:   Librarian  (Antenna  Lab) 
State  College,  Pennsylvania 

Sperry  Microwave  Electronics  Company 
Attn:   Librarian  (Antenna  Lab) 
P.  0.  Box  1828 
Clearwater,  Florida 

Sperry  Gyroscope  Company 
Attn:   Librarian  (Antenna  Lab) 
Great  Neck,  L.  I.,  New  York 

Stanford  Electronic  Laboratory 
Attn:  Librarian  (Antenna  Lab) 
Stanford,  California 


Ramo-Wooldridge  Corporation 
Attn:   Librarian  (Antenna  Lab) 
Conoga  Park,  California 


Stanford  Research  Institute 
Attn:   Librarian  (Antenna  Lab) 
Menlo  Park,  California 


Rand  Corporation 

Attn:   Librarian  (Antenna  Lab) 

1700  Main  Street 

Santa  Monica,  California 

Rantec  Corporation 
Attn:   Librarian  (Antenna  Lab) 
23999  Ventura  Blvd. 
Calabasas,  California 

Raytheon  Electronics  Corporation 
Attn:   Librarian  (Antenna  Lab) 
1089  Washington  Street 
Newton,  Massachusetts 

Republic  Aviation  Corporation 
Applied  Research  &  Development 

Division 
Attn:   Librarian  (Antenna  Lab) 
Farmingdale,  New  York 


Sylvania  Electronic  System 
Attn:   Librarian  (M/F  Antenna  & 

Microwave  Lab) 
100  First  Street 
Waltham  54,  Massachusetts 

Sylvania  Electronic  System 
Attn:   Librarian  (Antenna  Lab) 
P.  0.  Box  188 
Mountain  View,  California 

Technical  Research  Group 

Attn:   Librarian  (Antenna  Section) 

2  Aerial  Way 

Syosset,  New  York 

Ling  Temco  Aircraft  Corporation 
Temco  Aircraft  Division 
Attn:   Librarian  (Antenna  Lab) 
Garland,  Texas 


Sanders  Associates 

Attn:   Librarian  (Antenna  Lab) 

95  Canal  Street 

Nashua,  New  Hampshire 


Texas  Instruments,  Inc. 
Attn:  Librarian  (Antenna  Lab) 
6000  Lemmon  Ave. 
Dallas  9,  Texas 


Southwest  Research  Institute 
Attn:   Librarian  (Antenna  Lab) 
8500  Culebra  Road 
San  Antonio,  Texas 


A.  S.  Thomas,  Inc. 
Attn:   Librarian  (Antenna  Lab) 
355  Providence  Highway 
Westwood,  Massachusetts 


New  Mexico  State  University  Aeronautical  Systems  Division 

Head  Antenna  Department  Attn:   ASAD  -  Library 

Physical  Science  Laboratory  Wright-Patterson  Air  Force  Base 

University  Park,  New  Mexico  Ohio 

Bell  Telephone  Laboratories,  Inc.  National  Bureau  of  Standards 

Whippany  Laboratory  Department  of  Commerce 

Whippany,  New  Jersey  Attn:   Dr.  A.  G.  McNish 

Attn:   Technical  Reports  Librarian  Washington  25,  D.  C. 
Room  2A-165 

Robert  C.  Hansen 
Aerospace  Corporation 
Box  95085 
Los  Angeles  45,  California 

Dr.  Richard  C.  Becker 
10829  Berkshire 
Westchester,  Illinois 

Dr.  Harry  Letaw,  Jr. 

Raytheon  Company 

Surface  Radar  and  Navigation 

Operations 
State  Road  West 
Wayland,  Massachusetts 

Dr.  Frank  Fu  Fang 

IBM  Research  Laboratory 

Poughkeepsie,  New  York 

Mr.  Dwight  Isbell 
1422  11th  West 
Seattle  99,  Washington 

Dr.  Robert  L.  Carrel 
Collins  Radio  Corporation 
Antenna  Section 
Dallas,  Texas 

Dr.  A.  K.  Chatterjee 

Vice  Principal  &  Head  of  the  Department 

of  Research 
Birla  Institute  of  Technology 
P.  0.  Mesra 
District-Ranchi  (Bihar)  India 


